
Fig. 3. Pad placed between the legs with strap on dorsal 
surface. 

Strap: ¾ in thick, 2.5 in wide, 19 in long. 
Larger splint for infant six months or older: 
Pad: 3 in thick, 6 in long, 3 to 6 in wide. 
Strap: % in thick, 3 in wide, 24 in long. 
Velcro should be glued to form attachments as follows: 

1. Posterior surface of the pad—center of the strap. 
2. Anterior surface of the pad—posterior surface of 

strap end A (Fig. 1). 
3. Anterior surface of strap end A—posterior surface 

of strap end B (Fig. 2). 
The splint is applied by placing the pad between 

the legs with the strap on the dorsal surface (Fig. 3). 
The leg should be positioned in internal rotation as 
each strap end is wrapped around and attached (Figs. 
1, 2). When the splint is initially applied, the hips 
may remain flexed, but gravity will gradually pull 
them into extension. 
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Dynamic Retractable 
Key Chain for the Hand 

WALTER SCHNEIDERWIND, MS 

We have developed a dynamic hand splint, with a 
quantifiable force, to increase the range of motion of 
the metacarpophalangeal (MCP) joint. A number of 
conservative methods, such as passive stretching, 
splinting, and serial casting, have been used to reduce 
finger joint contractures. Therapists often ask ques
tions such as 
• What is the amount and duration of force that will 

produce the greatest increase in joint range of mo
tion in the shortest period of time? 

• Are there some joint conditions that will have a 
greater increase in range of motion with a low force 
applied over longer periods of time as opposed to 
some joint conditions that respond better to higher 
forces applied for shorter periods of time? 

• What is the amount and duration of force, if ex
ceeded, that will cause a loss in hand function? 

Fig. 1. Key chain splint: Leather sling attachment. 

In order to answer questions related to optimal 
splinting forces, instruments need to be developed 
that therapists can use to quantify forces being ap
plied to finger joints. 

CONSTRUCTION 

The basic component of this dynamic hand splint 
is a retractable key chain (Fig. 1). A 0.64-cm-diameter 
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(0.25-in-diameter) copper tube was silver-soldered to 
the body of the retractable key chain at an angle of 
90 degrees to the opening for the chain. The key 
chain housing was then attached to a palmar splint 
by a 0.32-cm (0.13-in) copper-wire outrigger. Leather 
slings around the proximal phalanges were attached 
to the ends of the retractable key chain. For patients 
with hypersenstive or insensitive skin, the key chain 
can be glued to the fingernail of the treated finger 
(Fig. 2). 

CALIBRATION 

The following procedure is used to calibrate the 
retractable key chain and validate the assumption 
that the retractable key chain can provide various 
quantifiable forces. 

With the key chain housing stabilized, the chain is 
loaded with gram weights, at 100-gm increments, 
from 250 to 550 gm. The chain's length increases after 
the addition of each 100-gm weight. By marking 
(color coding) the chain link closest to the housing 
after the addition of each weight, the therapist can 
select and record one of the four (250, 350, 450, or 
550 gm) known forces. 
Example: After doing a hand evaluation, the thera

pist decides to apply a 250-gm flexion force for 
seven hours a day to the dorsum of the proximal 
phalanx of the patient's third finger in order to 
increase the MCP joint's range of motion. By ad
justing the key chain length so that the 250-gm 
color-coded link is adjacent to the entrance of the 
key chain housing, the therapist can be assured that 
a 250-gm force is applied to the dorsum of the third 
finger. 
We determined the test-retest reliability of the in

strument by loading the chain with a 250-gm weight 
for five trials on two different days. There was a high 
degree of correlation (r = .983) with only 4.1 percent 
of unexplained variance. The standard error of the 
estimate from test to retest was 0.42 cm (0.17 in). 

VARIABLE FORCE 

We used logical validity to establish that the dy
namic splint could actually apply a variable force to 
the soft tissues around the MCP joint. 

Justification for use of logical validity is based on 
biomechanical concepts of forces and levers. A mo
ment (rotatory force) at a joint axis is equal to the 
applied perpendicular force times the length of the 
moment arm (distance from the applied perpendicu
lar force to the axis of rotation). Joint moments were 
changed by increasing or decreasing the force applied 
to the lever arm (proximal phalanx). 

Fig. 2. Key chain splint: 
Fingernail attachment. 

Example: A flexion force of 250 gm applied to the 
dorsum of the proximal phalanx at 2.56 cm (1 in) 
from the axis of rotation of the joint produces a 
moment or rotatory force of 640 cm/gm. 

DISCUSSION 

Several characteristics of the key chain splint are 
an improvement over the traditional rubber band 
outrigger splint. One is the capacity to quantify pas
sive forces applied to a joint, which will enable ther
apists to evaluate their splinting programs objectively 
in order to determine optimal joint moments. After a 
therapist determines the cause of joint stiffness, the 
ideal durations and moments for increasing range of 
motion can be objectively evaluated. A disadvantage 
of the rubber band splint is a loss or decrease in the 
tension of the bands if the splint's outrigger is acci
dentally bent by the patient. Patients frequently arrive 
at morning clinic with slack, dangling, or missing 
rubber bands. The retractable key chain maintains a 
constant joint moment even if the splint's outrigger is 
bent. 

Two improvements to the key chain splint would 
be 1) a smaller body to house the chain and tension 
springs and 2) tension springs in the force range of 0 
to 250 gm. A smaller housing would make the splint 
lighter, and lower tension springs would enable the 
therapist to increase joint moments gradually, making 
the initial two-week splinting period more comfort
able for the patient. By decreasing the joint moments, 
therapists could increase the length of time per day a 
patient is able to tolerate wearing the splint. 

The materials for this splint range between $6 and 
$12, and the retractable key chain housing and out
rigger can be reused once the patient no longer needs 
the splint. 

Based on my subjective clinical impressions, the 
use of this dynamic splint is not generally recom
mended for the following joint conditions: 
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1. A MCP joint that is fixed in extreme hyperexten-
sion (30°+). Prolonged flexion forces applied to the 
proximal phalanx could damage the MCP joint's 
articular cartilage. 

2. Stiff MCP joints in edematous hands with elevated 
skin temperatures caused by disease, infection, or 
trauma. If, the therapist is not familiar with this 
hand condition, the treatment should be immobi
lization of the hand in a functional position as well 
as elevation. A more active treatment program can 
begin when the elevated skin temperature of the 

affected hand has decreased to the skin temperature 
of the opposite hand. 

3. Rigid MCP joints without passive traction, ap
proximation, and rotation movement. Passive trac
tion, approximation, and rotation should be present 
before beginning a vigorous stretching program to 
increase flexion and extension range of motion. 

In conclusion, I believe the clinical implications of 
this dynamic hand splint warrant further clinical use 
and investigation. 
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